ABSTRACT
The purpose of this article is to discuss some of the more challenging issues associated with conducting simulation in healthcare.
The current healthcare environment is ripe for the use of simulation. The pressure to control costs is higher than ever, so, there is a critical need for powerful tools which can help clinicians and administrators (our clients) make good decisions on how to achieve objectives of reducing costs while maintaining high quality care. In addition, the highly stochastic nature of disease processes, as well as the complexity of subsystem interactions, makes simulation the decision-support tool of choice for analyzing the organization and delivery of healthcare services.
However, for simulation to reach its potential as a major weapon in the fight against spiraling healthcare costs, pragmatic approaches to several challenging technical questions must be offered and discussed. Therefore, this article will present approaches to dealing with the following, frequently encountered tactical issues in simulating healthcare services-degree of model complexity, definitions of input distributions, model validatio~and interpretation of findings. The last issue to be discussed is less of a technical conceã nd instead addresses the promotion of simulation in healthcare.
INTRODUCTION
The purpose of this ar&icle is to discuss some of the more challenging issues associated with conducting simulation in healthcare.
Healthcare is a somewhat difficult arena in which to conduct simulation studies for a number of reasons. A panel discussion at the 976; Cooper and Corcoran, 1974; Kao, 1974; Clipson and Wehrer, 1973; Shonick and Jackso% 1973) . The exponential process works well for interarrivat times when there is little or no control over the arrival process (Schriber, 1991, p. 254) .
Length of stay in hospitals has been modeled using a variety of theoretical distribution, but it appears that the lognormal distribution has the most documented support (Lowery, 1991; Magerlei% 1978; Storer and Lowery Hancock 1976; Whitmore, 1975; Thomas, 1968; Balint@, 1962; Flagle, 1960 (1) simulation does not provide the single, best answer to the problem at Mn@ and (2) simulation models do not predict the fikure. These statements may seem obvious and simplistic to researchers, management engineers, and statisticians who frequently work with simulation models. But they are not apparent to those most interested in the findings from these models--especially if simulation has been touted as the be-all and end-all solution to the problem at hand, Thus, while we certainly want to promote simulation as an effective decision-support tool, we must be careful to also explain its limitations. With some explanation and encouragement clients can be shown the advantages of the iterative and experimental approach of simulation over the use of analytic models which provide a single, "optimal" solution.
The biggest advantage is that simulation models allow for the consideration of multiple, often competing performance objectives.
Efforts to reduce healthcare costs cannot be implemented at the expense of compromising quality. Thus, it is critical that an investigation of the effect of any change in resources or Similarly, designing a model forces the decisionmaking pmeess into a very defined format, which can assist in organizing the process. Finally, one of the frequently cited benefits of simulation is that the knowledge gained during the actual design process may suggest improvements in the system under investigation (Banks and Carson, 1984) . Designing a simulation model requires a thorough investigation and documentation of current processes, which can identify unexpected problems unrelated to the original objectives of the study.
Solutions to these problems may be readily apparent and relatively easy to implement, without the assistance of the simulation model.
Thus, it is not necessary to commit to a full-blown, large-scale simulation project to be able to realize benefits from the modeling effort.
If clients are concerned with the time and effort involved in simulation, the intermediate benefits should be emphasized. Mahachek (1992) explains that one of the major barriers to the implementation of simulation in healthcare is the perception that "simulation is an additional layer of effort rather than an organizer of all your current efforts."
He goes on to explain that, "Simulation is not a chasm which can only be crossed with one all-consuming leap. It can be nibbled at." And each of those nibbles can yield some benefit. I hope the suggestions provided in this article will serve to ensure the achievement of those benefits.
